A b s t r a c t The hydrocarbon composition of beeswax secreted by Apis mellifera was characterised. In the studies, analyses were made of virgin beeswax (obtained from light combs, socalled "wild-built combs") that was collected at different dates, and beeswax obtained from dark combs ("brood combs"). A qualitative analysis did not show any differences in the hydrocarbon composition of beeswax originating from light and dark coloured combs. The same hydrocarbons (n-alkanes, alkenes, and dienes) were identified in virgin beeswax and beeswax collected from brood combs. However, the studies showed differences in the content of n-alkanes in the beeswax obtained from light and dark coloured combs. In comparison to the virgin beeswax, the beeswax obtained from dark combs had higher content of the total n-alkanes, higher total contents of even-numbered alkanes and odd-numbered alkanes, and higher contents of certain alkanes. Furthermore, it has been found that the hydrocarbon composition of beeswax did not depend on the collection period.
INTRODUCTION
Hydrocarbons are natural compounds of beeswax. According to different authors, these aliphatic, long-chain compounds contain from 17 to 35 atoms of carbon (White et al., 1960; Downing et al., 1961; Lorbeer, 1999, 2000; Jimenez et al., 2004; Serra Bonvehi and Ornantes Bermejo, 2012; Maia and Nunes, 2013; Waś et al., 2014) . Unbranched saturated hydrocarbons (n-alkanes) comprise about 67% of all the beeswax hydrocarbons. A considerably lower amount, about 2%, include branched saturated hydrocarbons (iso-alkanes) and unsaturated hydrocarbons (alkenes). Alkenes occur mainly as the cis isomers (31.7%). The trans isomers comprise only 0.2% (Streibl et al., 1966) . Besides alkenes, beeswax also contains dienes -unsaturated hydrocarbons with two double bonds (Giumanini et al., 1995; Jimenez et al., 2004 Jimenez et al., , 2006 Jimenez et al., , 2007 Waś et al., 2014) . The total content of hydrocarbons in beeswax determined by different authors, was between 12.3 to 17.8% (White et al., 1960; Lorbeer, 1999, 2000; Jimenez et al., 2006 Jimenez et al., , 2007 Serra Bonvehi and Ornantes Bermejo, 2012) . The content of n-alkanes (the most numerous group of beeswax hydrocarbons) determined by Waś et al. (2014) ranged from 9.08 to 10.86 g/100 g. Studies on the composition of the beeswax hydrocarbons conducted in the last few years Lorbeer, 1999, 2000; Jimenez et al., 2004 Jimenez et al., , 2006 Jimenez et al., , 2007 Serra Bonvehi and Ornantes Bermejo, 2012; Maia and Nunes, 2013; Waś et al., 2014) confirmed the previous reports (White et al., 1960; Streibl et al., 1966 ) that among the n-alkanes, those containing odd numbers of carbon atoms in the molecules predominate, with high shares of C 27 H 56 , C 29 H 60 , C 31 H 64 , and C 25 H 52 . Furthermore, the studies of Aichholtz and Lorbeer (1999, 2000) indicated that beeswax obtained from different species of the genus Apis differs in hydrocarbon content. Differences in the content of unsaturated hydrocarbons (alkenes and dienes) between the beeswax secreted by the African and European bees were noticed also by Carlson and was et al.
Hydrocarbon composition of Apis mellifera wax Bolton (1984) , Beverly et al. (1995) , and Giumanini et al. (1995) . The studies conducted in the 1950s by Curyło and Zalewski (1957) showed that beeswax obtained from light combs, in which no brood was yet present, contained less hydrocarbons (on average, 13.5%), while beeswax obtained from old and dark coloured combs contained slightly more hydrocarbons (14.8 -16.0%). Differences in the content of hydrocarbons in beeswax obtained from light and dark combs were also observed by Tulloch and Hoffman (1972) . Furthermore, Jimenez et al. (2007) and Namdar et al. (2007) determined a higher content of alkanes with even numbers of carbon atoms in the molecule, in beeswax obtained from dark combs. Knowledge of the hydrocarbon composition of beeswax has proved to have a crucial meaning, mainly due to detection of this product's adulteration with much cheaper hydrocarbons of alien origin, e.g. paraffin which has a hydrocarbon composition and properties similar to beeswax. So far, the literature data considering hydrocarbon composition of beeswax, and especially those concerning quantitative analysis of these compounds, are incomplete. Such reports also lack any information on the hydrocarbon composition of beeswax obtained from light and dark coloured combs. The aim of our studies was to characterise the hydrocarbon composition of beeswax originating from Apis mellifera and obtained from light and dark coloured combs.
MATERIAL AND METHODS
Reagents Squalane (99.9% purity) from Supelco (Bellefonte, PA, USA) was used as an internal standard. The analytical standard mixtures of n-alkanes (C 8 H 18 -C 20 H 42 in hexane and C 21 H 44 -C 40 H 82 in toluene ) were obtained from Fluka (Buchs, Switzerland; Saint Louis, MO, USA). Hexane SupraSolv® for gas chromatography (≥98% purity) was obtained from Merck (Darmstadt, Germany), and heptane anhydrous (≥98.5% purity) was from Sigma-Aldrich (Steinheim, Germany). Solidphase extraction (SPE) cartridges filled with neutral aluminum oxide (Alumina -N, 1000 mg, 6 mL) were purchased from Agela Technologies (Wilmington, DE, USA). Helium (99.9999% purity) was provided by Air Products (Warsaw, Poland).
Beeswax samples
Beeswax samples originating from Apis mellifera were obtained from light coloured combs, so-called "wild-built combs" -the virgin beeswax (n = 47), and from dark coloured combs (2-3 years old) -"brood combs" (n = 23). The virgin beeswax was collected from May -June of 2009 (n = 16), and from May -June (n = 20) and July (n = 11) of 2010. Samples of the virgin beeswax originated from the apiaries belonging to the Department of Beekeeping Technology of the Research Institute of Horticulture, Apiculture Division in Puławy, Poland, and from a private apiary cooperating in the study, located in the vicinity of Puławy. The beeswax from dark combs was obtained from the organic apiary belonging to the Department of Beekeeping Technology, the Apiculture Division, Puławy. The combs were built on the organic foundation holding a certificate confirming its quality. The beeswax combs were melted in a drying oven (70 -75°C) and purified on a filter made of gauze. Homogenised and free from mechanical impurities, the beeswax samples were kept in a dry, cool, dark place until further analysis.
Sample preparation
The beeswax sample (0.05 ± 0.001 g) was diluted with 7.5 mL of heptane using an incubated shaker (in 50°C for 12 min). After cooling the solution, 2.5 mL of squalane of 400 mg/L concentration was added and mixed. Then, hydrocarbon fraction was isolated using the SPE technique with cartridges filled with neutral aluminum oxide after elution with hexane (Waś et al., 2014) .
Analysis of beeswax hydrocarbons
The determination of beeswax hydrocarbons was conducted as it was described previously (Waś et al., 2014) . Analyses were carried out using gas chromatograph with mass detector (GCMS-QP 2010 Plus, Shimadzu). Chromatographic separation of hydrocarbons was performed on ZB-5HT INFERNO column (20 m × 0.18 mm × 0.18 µm, Phenomenex). Identification of studied compounds was done based on the mass spectra of the NIST 05 library and on the retention times. The quantitative analysis of n-alkanes was performed using squalane (C 30 H 62 ) as an internal standard. The recovery of the individual n-alkanes was from 94.4 to 105.9% and for the total n-alkanes it was 100.5%. The limits of determination of the method defined for each alkane (C 20 H 42 -C 35 H 72 ) were from 0.005 to 0.025 g/100 g (Waś et al., 2014) .
Statistical analysis
The results were statistically analysed with the STATISTICA 10 software. Due to the data distribution, the non-paramertical Mann-Whitney U test (sig-nificance level α = 0.05) was used for comparing the differences between the determined contents of n-alkanes in beeswax.
RESULTS
In the virgin beeswax (from light coloured combs, the so-called "wild-built combs"), obtained at different dates, long-chain n-alkanes containing from 20 to 35 carbon atoms in their molecule were found (Fig. 1) The results indicate differences in composition of beeswax from light and dark combs related to the quantitative analysis of n-alkanes (the most numerous group of beeswax hydrocarbons). The total content of n-alkanes in the virgin beeswax ranged from 8.27 to 11.66 g/100 g (on average, 9.50 g/100 g), and in the beeswax obtained from dark combs from 9.46 to 10.84 g/100 g, with an average of 10.22 g/100 g (Tab. 1). The total content of n-alkanes with an odd number of carbon atoms in the molecule (hereafter called the odd-numbered alkanes), in the beeswax obtained from light and dark coloured combs was substantially higher in comparison to the content of n-alkanes with an even number of carbon atoms in the molecule (hereafter called the even-numbered alkanes). The average total content of odd-numbered n-alkanes amounted to 94.9 and 94.2% of all the n-alkanes found in beeswax obtained from light and dark coloured combs, respectively. The highest contents were determined for C 27 H 56 , C 29 H 60, C 31 H 64 , and C 25 H 52 with the average contents of these alkanes 34.0, 23.5, 20.3, and 8.6%, respectively, of the total content of unbranched alkanes determined in the virgin beeswax; and 34.5, 22.5, 18.4, and 10.1% of the total content of n-alkanes determined in the beeswax obtained from dark coloured combs. The Mann-Whitney U test showed statically significant differences for the total content of unbranched alkanes (U 47,23 = 180.0, p = 0.000), and for the total content of even-numbered alkanes (U 47,23 = 368.5, p = 0.03) and odd-numbered alkanes (U 47,23 = 195.5, p = 0.000) in the samples of beeswax obtained from light and dark coloured combs. Statistically significant differences were also found for the content of some alkanes, as follows: 
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The total content of n-alkanes in the virgin beeswax samples collected in 2009 was from 8.27 to 11.66 g/100 g (on average, 9.55 g/100 g), with CV 9.6% (Tab. 2). Similar results were obtained for the total content of all unbranched alkanes in the beeswax collected in 2010: from 8.46 to 10.72 g/100 g (on average, 9.47 g/100 g), but the results were characterised by a slightly lower variability (CV = 6.4%). The average total contents of even-and odd-numbered alkanes for samples collected in 2009 were 0.41 and 9.14 g/100 g, respectively. In the case of the virgin beeswax samples collected in 2010, the average content of even-numbered alkanes was slightly higher and amounted to 0.51 g/100 g, and the average content of odd-numbered alkanes was lower and amounted to 8.96 g/100 g. However, statistically significant differences were found only for the total content of alkanes with an even number The total content of n-alkanes in beeswax collected at different periods during 2010 was similar and ranged from 8.46 to 10.33 g/100 g; on average, 9.39 g/100 g (for the samples collected in May and June), and from 8.69 to 10.72 g/100 g; on average, 9.60 g/100 g (for samples collected in July). The samples of virgin beeswax collected in different periods of 2010 showed similar variability (Tab. 3). The contents of individual unbranched Total of odd n-alkanes 8.0 -11.18 9.02a ± 0.69 7.7 8.94 -10.35 9.63b ± 0.30 3.12 alkanes determined in samples of beeswax collected at different dates of the same beekeeping season, were similar. Statistically significant differences for the total content of n-alkanes, and for the content of individual alkanes in samples of beeswax collected at different periods of 2010, were not found. The contents of n-alkanes varied the highest in respect to the content of C 20 H 42 -C 22 H 46 for samples collected in May-June (CV from 20.8 to 24.9%), and C 23 H 48 and C 32 H 66 -C 33 H 68 for samples collected in July (CV from 24.5 to 29.6%). The contents varied the lowest in respect to the content of C 29 H 60 for samples from May -June (CV = 6.2%), and C 26 H 54 (CV = 8.4%) and C 27 H 56 (CV = 9.1%) for samples collected in July (Tab. 3).
DISCUSSION
Qualitative analysis did not show differences in the hydrocarbon composition of beeswax (Apis mellifera) collected from light and dark coloured combs. In the virgin beeswax and the beeswax obtained from brood combs the same hydrocarbons (n-alkanes, alkenes, and dienes) were identified. The dominant group of the beeswax hydrocarbons is unbranched alkanes containing from 20 to 35 carbon atoms. These results are in line with those reported by other authors (White et al., 1960; Downing et al.,1961; Lorbeer, 1999, 2000; Jimenez et al., 2004; Serra Bonvehi and Ornantes Bermejo, 2012; Maia and Nunes, 2013; Waś et al., 2014) . In addition, our studies showed differences in the content of n-alkanes in the beeswax collected from light and dark combs. In comparison to the virgin Hydrocarbon composition of Apis mellifera wax beeswax, the beeswax obtained from dark combs had a higher content of the total n-alkanes, the total contents of even-and odd-numbered alkanes, and contents of certain alkanes. The maximum values of the contents of some n-alkanes (C 25 H 52 , C 27 H 56 , C 29 H 60 , C 31 H 64 ) and the total of all n-alkanes were determined in the beeswax obtained from light combs. Additionally, it was found that in the beeswax originating from light and dark coloured combs the content of odd-numbered unbranched alkanes was substantially higher in comparison to the content of the even-numbered alkanes. The content of even-numbered alkanes was slightly higher and amounted to 5.8% in the samples of the beeswax from dark combs, while in the virgin beeswax was 5.1%. Higher contents of even-numbered alkanes in the beeswax obtained from dark combs in comparison to the content of these alkanes in the virgin beeswax were also indicated by Jimenez et al. (2007) , and Namdar et al. (2007) . The higher contents of hydrocarbons in the beeswax obtained from dark combs confirm previous results reported by Curyło and Zalewski (1957) , and also by Tulloch and Hoffman (1972) . It is important to note, that, the contents determined by these authors were higher than our results because they were related to the total of all hydrocarbons occurring in beeswax, while in our work only one group (n-alkanes) was analysed quantitatively. The contents of the total unbranched alkanes and of individual n-alkanes determined by us 
